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Abstract—In this qualitative longitudinal case study, Singapore Airlines carbon footprint is examined for 
the period covering the company’s 2010/11 to 2021/22 financial years. The study’s qualitative data was 
examined by document analysis. The case study found that Singapore Airline’s carbon footprint is 
comprised of its Scope 1 direct emissions that are produced from the provision of its passenger and air 
cargo services together with the carbon dioxide (CO2) emission produced from the ground service 
equipment and vehicles used in its ground operations. The carbon footprint also includes its Scope 2 
indirect emissions, which are produced from the airline’s consumption of electricity at its Singapore hub. 
Singapore Airlines has implemented a very comprehensive environmental policy and has pledged to 
achieve net zero carbon emissions by 2050. The largest source of carbon dioxide (CO2) emissions is from 
the airline’s passenger services. Singapore Airlines has implemented extensive carbon dioxide (CO2) 
emissions reduction measures that have focused on the reduction in aircraft weight, and highly efficient 
fuel management procedures. Other key carbon dioxide (CO2) emissions reduction measures include 
improved operational procedures, the optimization of air space management in collaboration with key air 
traffic control agencies, the use of cleaner energy vehicles, an extensive range of energy efficiency 
measures in its buildings and facilities, the use of sustainable aviation fuels, and the use of more energy 
efficient ground power sources. In addition, the acquisition and operation of the state-of-the art, next 
generation aircraft, such as the Airbus A350-900XWB and the Boeing 787-10 have helped the airline to 
mitigate its carbon footprint. 


Keywords— Airline, carbon dioxide (CO2) emissions, carbon footprint, case study, Singapore Airlines. 


I. INTRODUCTION Vespermann & Holztrattner, 2011). Air transport also 
contributes to sustainable development. By facilitating 


The global air transport industry provides services to 
tourism and global trade, the air transport industry 


virtually every country in the world and has played an 


integral part in the creation of the world economy. In generates economic growth, provides jobs, increases 


revenues from taxes, and fosters the conservation of 
protected areas (Air Transport Action Group, 2011, p. 3). 


addition to its economic significance, the air transport 
industry also provides important social benefits (Daley, 


2016; Daley & Thomas, 2016; Rizzi & Rizzi, 2022). Asa Air transport is also very important for long distance travel 
and enables remote areas to be connected with the rest of 


means of mass transportation, air transport provides the 
the world (Brathen & Halpern, 2012). 


linkage between many different countries and cultures. 
This contributes to the cultural understanding and The global commercial airline industry has grown over the 
increases multicultural cooperation (Caves, 2003; past twenty years or so at an annual rate of 4.5-5% in the 
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passenger and 6% in the air cargo segments. Whilst such 
developments have contributed to the globalization of the 
economy and overall social welfare, they have at the same 
time had an increased impact on the environment and 
society in terms of greenhouse gas (GHGs) emissions. In 
particular, the further growth of emissions of greenhouse 
gas (GHG) driven by growth of world air transportation 
demand could further contribute to global warming and the 
subsequent climate change (Janić, 2014). This is because 
carbon dioxide (CO2) emissions produced from air 
transportation services have an adverse environmental 
impact because of their potential greenhouse effects 
(Postorino & Mantecchini, 2014). Consequently, the global 
air transport industry’s contribution to global carbon 
dioxide (COz) emissions has been under considerable 
scrutiny since the early 2000s (Bows-Larkin et al., 2016). 
This increasing focus on the carbon dioxide (CO2) 
emissions is because the global aviation industry generates 
a substantial carbon footprint (Filimonau et al., 2018). 
Accordingly, the strong historical growth in commercial 
air transport traffic has increasingly raised concerns over 
the impact of air transport operations on air quality (Budd, 
2017, Daley, 2016; Harrison et al., 2015). This is because 
the increase in airline flights increases the amount of 
carbon dioxide (CO2) that is released into the atmosphere 
(Fatihah & Abdul Rahim, 2017). In the global airline 
industry, the carbon dioxide (CO2) emitted by aircraft 
engines has become a particular area of concern (Grote et 
al., 2014), due to their harmful impact on the environment 
(Olsen et al, 2013). Furthermore, aviation-related 
emissions are unique in that they occur at higher altitudes 
as well as from surface-based activities (Olsen et al., 
2013). Aviation emissions impact surface air quality on a 
multiple scale—nearby airport pollution peaks from airport 
landing and take-off (LTO) emissions, whilst 
intercontinental pollution is produced from aircraft cruise 
emissions (Yim et al., 2015). Thus, aviation-related 
emissions not only impact air quality, but also the climate 
(Ashok et al., 2017; Kapadia et al., 2016). 


The environmental sustainability of air transport has been 
receiving greater focus in recent times due to its critical 
impact on climate change and on the environment. 
Environmental issues associated with the global air 
transport industry have grown in importance in recent 
years. in response to these concerns some airlines have 
been proactive and have developed and demonstrated their 
“green” credentials (Wu et al., 2018). Indeed, in recent 
decades, “greening” (ensuring the sustainable development 
of the global air transport system) has been viewed as a 
highly significant part of the agenda by almost all the 
industry’s involved stakeholders (Janić, 2011). Many 
airlines have defined and implemented environmental 
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related strategies that are designed to "green" their 
operations (Cabuk et al., 2019; Chan et al., 2021; Migdadi, 
2020), or where possible make them more environmentally 
friendly. At a global level, the peak global airline industry 
body — the International Air Transport Association (IATA) 
— have recognized the requirement to address the global 
challenge of climate change and the organization has 
subsequently adopted a set of ambitious targets to mitigate 
carbon dioxide (CO2) emissions from air transport 
operations. The association has targeted an average 
improvement in aircraft fuel efficiency of 1.5% per year 
from 2009 to 2020 (International Air Transport 
Association, 2022b). At the associations annual general 
meeting in 2021, the airline industry committed to a target 
of net zero emissions by 2050, in line with the Paris 
Agreement that limits global warming to 1.5 degrees 
Celsius (Taneja, 2023). On 7 October 2022, the 184 
International Civil Aviation Organization (ICAO) Member 
States adopted a collective long-term global aspirational 
goal (LTAG) of net-zero carbon emissions by 2050 
(International Civil Aviation Organization, 2022). This 
important decision by the ICAO member states aligns with 
both the objectives of the Paris Agreement and the net zero 
carbon dioxide (CO2) emissions by the 2050 resolution 
agreed by the International Air Transport Association 
(IATA) member airlines at the 77th IATA Annual General 
Meeting in October 2021 (International Air Transport 
Association, 2022c). 


With the growing focus on the impact of climate change, 
the embodied carbon dioxide (COz) emission or “carbon 
footprint” is now frequently used as an environmental 
performance indicator for products or production activities 
(Laurent et al., 2010). One such airline that has sustainably 
managed its carbon footprint is Singapore Airlines. 
Singapore Airlines has historically placed a very high 
focus on sustainable environmental management, and on 
managing the airline’s carbon footprint. The objective of 
this study is to analyze Singapore Airlines annual carbon 
footprint from its flights, ground-based facilities energy 
consumption, and ground operations fuel consumption and 
electricity consumption. An additional objective of the 
study is to examine the airline’s strategies to mitigate its 
carbon footprint as part of its commitment to 
environmentally sustainable operations. The study period 
is from 2010/11 to 2021/22 inclusive. 


The remainder of the paper is organized as follows: The 
literature review that sets the context of the case study is 
presented in Section 2. The research method that 
underpinned the study is presented in Section 3. The 
Singapore Airlines case study is presented in Section 4. 
Section 5 presents the findings of the study. 
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Il. BACKGROUND 
2.1. Carbon Dioxide (CO2): A Background Note 


Carbon dioxide (CO2) is one of the main greenhouse gases 
present in the atmosphere (Köne & Bike, 2010; 
Marjanović et al., 2016; Ravanchi et al., 2011). Carbon 
dioxide (CO2) is naturally present in the atmosphere and is 
a heavy, colorless gas, which is part of the ambient air. 
Carbon dioxide (COz) is produced from the respiration and 
decomposition of organic substances, and from the 
combustion of fossil fuels and biomass (Allaby & Park, 
2007). Carbon dioxide (CO2) is the principal greenhouse 
gas emitted from human activities. However, the primary 
human activity that produces carbon dioxide (CO2) 
emissions is the combustion of fossil fuels (for example, 
coal, natural gas, and oil) for energy and transportation. 
Carbon dioxide (CO2) is also produced from some other 
industrial processes and land-use changes (United States 
Environmental Protection Agency, 2022). Carbon dioxide 
emissions (CO2) means the release of greenhouse gases 
and/or their precursors into the atmosphere over a 
specified area and for a given time (Organization for 
Economic Cooperation and Development, 2013). 


In the context of the global airline industry, an airline’s 
carbon dioxide (CO2) emission profile is dependent on a 
range of factors including, but not limited too, the aircraft 
deployed, commercial payload, aircraft route assignment, 
as well as the weather conditions for the flight (Yin et al., 
2015). 


2.2. Carbon Footprints 


Climate change and carbon footprints are now viewed as 
key issues of corporate responsibility (Hrasky, 2012). 
According to Wiedemann and Minx (2007, p. 5), “the 
carbon footprint is a measure of the exclusive total amount 
of carbon dioxide emissions that is directly and indirectly 
caused by an activity or is accumulated over the life stages 
of a product”. A carbon footprint is also the carbon 
emissions that are released by activities of humans (Jha et 
al., 2021) and from various anthropogenic activities 
(Ramachandra & Shwetmala, 2012). The carbon footprint 
(CF) is also the amount of greenhouse gases (GHG) that 
are emitted into the atmosphere during a product's lifecycle 
(Röös et al., 2013). 


Carbon footprints are now being extensively used as a 
measure of a firm's contribution to climate change (De 
Grosbois & Fennell, 2011). A carbon footprint enables an 
organization to estimate their own contributions to the 
changing climate (Gautam et al., 2012). Carbon foot 
printing has become one of the principal methods available 
to firms for quantifying their anthropogenic environmental 
impacts and for assisting them to tackle the threat of 
climate change (Williams et al., 2012). The carbon 
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footprint includes both direct and indirect emissions 
(Cadarso et al., 2016; Lee, 2011; Sharp et al., 2016). Thus, 
a carbon footprint can be segregated into direct emissions 
which are the greenhouse effect caused by various 
greenhouse gas (GHG) emissions and leakage in each 
process, and the indirect emissions which are the carbon 
dioxide (CO2) equivalent emissions due to the energy 
consumption in each process (Wu et al., 2013). 


2.3. The Sources of Airline Emissions 


Aviation fuel is the principal source of energy consumed 
by the aviation industry, so both the quality and quantity of 
fuel affect an aircraft’s carbon dioxide (CO2) emissions 
(Hu et al., 2022). By consuming fuel, aircraft produce 
emissions of carbon dioxide (CO2), as well as nitrogen 
oxides (NOx), particles (principally soot) of sulphur oxides 
(SOx), carbon monoxide (CO), as well as various 
hydrocarbons. First, and generating the largest percentage 
share, are the emissions of carbon dioxide (CO2) which are 
produced in direct proportion to the volume of jet fuel used 
to operate flights over any distance (Sales, 2016). Water 
vapor is formed from the burning of jet fuels. At altitude, 
condensation trails from the aircraft. These comprise 
frozen ice crystals which deflect a small amount of 
sunlight away from the earth’s surface and reflect more 
infrared radiation back toward earth. This produces an 
overall warming effect on the earth’s atmosphere (Sales, 
2013). After water vapor, carbon dioxide (CO2) is regarded 
as the second most important of all the greenhouse gases 
(Chavan, 2016; Drewer et al., 2018; Ngo & Natowitz, 
2016). The amount of aircraft carbon dioxide (COz) 
emissions is a product of hydrocarbon combustion, and the 
amount of these gases emitted is directly related to the 
volume of fuel consumed. This, in turn, is a function of the 
aircraft and its engine fuel efficiency (Cokorilo & Tomic, 
2019), as well as the length of time that an aircraft’s 
engines or auxiliary power unit (APU) are running (Marais 
et al., 2016). Carbon dioxide (CO2) emissions are directly 
related to jet fuel consumption, with each kilogram of fuel 
consumed by aircraft producing more than three kilograms 
of carbon dioxide (CO2) (Mrazova, 2014). Carbon dioxide 
(CO2) are now regarded as being the most important 
aircraft emissions (Postorino & Mantecchini, 2014). In 
addition, aircraft taxi-out procedures, which form part of 
the aircraft Landing and Take-Off (LTO) cycle, generate 
substantial amounts of carbon emissions (Postorino et al., 
2019). As previously noted, another source of emissions 
come from the aircraft auxiliary power units (APU). 
Because jet fuel is utilized as the power source for APUs, 
they emit exhaust gases (Culberson, 2011). APU’s supply 
the essential power requirements for an aircraft whilst it is 
on the ground in between flights (Ashford et al., 2013; 
Kazda & Caves, 2015). Aircraft parked at the airport gates 
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during their turnaround require power and air conditioning, 
which is typically provided by fossil fuel-combusting 
equipment (Greer et al., 2021), all of which produce 
harmful emissions. 


Ground support equipment (GSE) also produces exhaust 
emissions. Ground service equipment (GSE) refers to 
vehicles and equipment that are used in the airport precinct 
to service aircraft whilst they are at the gate in between 
flights (Hazel et al., 2011). Waste disposal, aircraft de- 
icing usage, and wastewater processing also contribute 
emissions at an airport (Sahinkaya & Babuna, 2021). Other 
emissions are produced from aircraft maintenance and 
cleaning processes at an airport (Graham, 2018). 


2.4. The Greenhouse Gas Protocol 


The Greenhouse Gas Protocol has established a 
comprehensive global standardized framework to measure 
and manage greenhouse gas (GHG) emissions from both 
the private and public sectors, through value chains, and 
mitigation actions (Greenhouse Gas Protocol, 2022). The 
Greenhouse Gas Protocol categorizes greenhouse gases 
into both direct and indirect emissions and further 
categorizes them into Scope 1, Scope 2, and Scope 3 
emissions (Jones, 2009). Scope 1, direct emissions, 
includes those emissions from sources that are owned or 
controlled by the firm (Girella, 2018; Vasquez et al., 
2015). Scope 2, indirect emissions, come from the 
purchase of electricity, heat, steam or cooling. Scope 3 
emissions are all the other indirect emissions that arise 
from the consequences of the various activities undertaken 
by a firm but occur from sources that are not owned nor 
controlled by that firm (Mazhar et al., 2019). 


Although there are variations in air quality regulations by 
country (Budd, 2017; Elsom, 2013), airlines are now 
increasingly recording and reporting emissions in terms of 
Scope 1, Scope 2, and, in some cases, Scope 3 emissions 
(Baxter, 2021b). 


2.5. Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA) 


At the 2015 Paris Climate Conference or COP 21, a 
landmark agreement that dealt with the adverse impact of 
climate change was agreed between governments (Fischlin 
& Ivanova, 2017; Rhodes, 2016; Viñuales et al., 2017). 
This significant step provided a very positive motivation 
for the air transport industry to develop a global market- 
based measure (MBM) to reduce carbon dioxide (CO2) 
emissions (Singapore Airlines, 2017). In October 2016, the 
Member States of the International Civil Aviation 
Organization (ICAO) reached an agreement to adopt a 
global market-based measure for aviation emissions 
(Attanasio, 2018). 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.75.9 


In 2021, an increasing share of the carbon emission growth 
in international air transport was subject to offsetting under 
the ICAO “Carbon Offsetting and Reduction Scheme for 
International Aviation” (CORSIA) program (Maertens et 
al., 2019). The International Air Transport Organization 
“CORSIA” program is a worldwide based market-based 
measure that has been designed to offset international 
aviation carbon dioxide (CO2) emissions. The “CORSIA” 
program aims to stabilize the levels of such emissions from 
2020 onwards. The offsetting of carbon dioxide (co2) 
emissions in the air transport industry will be achieved 
through the acquisition and cancelation of emissions units 
from the global carbon market by aircraft operators 
(Federal Aviation Administration, 2022). The “CORSIA” 
program will be rolled out in three phases with the pilot 
phase operating from 2021-2023. The first phase will be 
from 2024 to 2026. Both the pilot and first phases are 
voluntary. The second phase of the program is targeted at 
the 2027 to 2035 time period (Javed et al., 2019). 
Following the pilot and first phase, a second mandatory 
scheme will enter in effect for all IC AQ Member States, 
except for some least developed countries (Scott 
&Trimarchi, 2020). 


2.6. Airline Passenger Carbon Offset Programs 


Carbon offsetting has become an integral element of the 
airline industry strategy to reduce its carbon emissions 
(Becken & Mackey, 2017). Consequently, airlines are now 
offering carbon offset schemes for their passengers so that 
they can reduce their carbon footprint from their travel 
(Chen, 2013; Ritchie et al., 2020; Zhang et al., 2019). 
Voluntary carbon offsetting by airline passengers is a 
useful measure that could help reduce environmental 
damage caused by air travel (Babakhani et al., 2017). In 
the global airline industry, carbon offsetting is a means for 
individuals or firms, in this case airline passengers and 
corporate customers, to “neutralize” their proportion of an 
aircraft’s carbon emissions on a particular journey through 
an investment in carbon reduction projects (International 
Air Transport Association, 2022a). The principle of carbon 
offsetting is that the emissions for each flight are allocated 
amongst the passengers. Each passenger can therefore pay 
to offset the emissions caused by their portion of the 
flight’s emissions. Passengers can offset their emissions 
through an investment in carbon reduction projects that 
generate carbon credits (International Air Transport 
Association, 2016). 


Passengers participating in carbon offset programs can 
purchase carbon credits generated by certified renewable 
energy and energy efficiency projects in developing 
countries. These projects have been verified that they will 
reduce greenhouse gas emissions. A carbon credit is a 
permit that represents one tonne of carbon dioxide (CO2) 
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that has either been removed from the atmosphere or 
alternatively saved from being emitted. Once used these 
carbon credits are subsequently “cancelled” on an official 
register to ensure that they cannot be sold or used again 
(International Air Transport Association, 2016). 


Carbon credits establish a market for the reduction in 
greenhouse emissions by providing a monetary value to 
the cost of polluting the air (International Air Transport 
Association, 2016). 


Il. RESEARCH METHODOLOGY 
3.1 Research Method 


This study used a qualitative longitudinal research design 
(Derrington, 2019; Hassett & Paavilainen-Mantymiaki, 
2013; Neale, 2018). Qualitative longitudinal research aims 
to expand and develop theories (Derrington, 2019). The 
researcher’s role when conducting case study research is to 
expand and generalize theories (analytical generalization) 
(Rahim & Baksh, 2003). Qualitative longitudinal research 
aims to expand and develop theories (Derrington, 2019). A 
case study enables the researcher(s) to explore complex 
phenomena (Remenyi et al., 2010; Taber, 2014; Yin, 
2018). Case studies also enable the researcher(s) to collect 
rich, explanatory information that provides in-depth 
insights into the phenomenon under investigation (Ang, 
2014). 


3.2 Data Collection 


The data used in the study was obtained from a range of 
documents, company materials available on the internet 
and records as sources of case evidence. Documents 
included the Singapore Airlines annual sustainability 
reports, and the airline’s websites. An extensive search of 
the leading air transport journals and magazines was also 
conducted in the study. 


The key words used in the database searches included 
“Singapore Airlines sustainability policy”, “Singapore 
Airlines climate pledge”, “Singapore Airlines passenger 
carbon offset program”, “Singapore Airlines membership 
of CORSIA”, “Singapore Airlines annual Scope 1 carbon 
dioxide emissions (CO2) from passenger and freighter 
aircraft operations and ground operations”, “Singapore 
Airlines annual Scope 2 carbon dioxide emissions from 
electricity consumption (CO2)”, “Singapore Airlines 
annual carbon dioxide (CO 2) intensity ratios”, and 
“Singapore Airlines carbon dioxide (CO2) reduction 
measures”. 


This study used secondary data. The three principles of 
data collection as suggested by Yin (2018) were followed: 
the use of multiple sources of case evidence, creation of a 
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database on the subject and the establishment of a chain of 
evidence. 


3.3 Data Analysis 


The data collected for the case study was examined using 
document analysis. Document analysis is quite commonly 
used in case studies. Document analysis focuses on the 
information and data from formal documents and a firm’s 
records that are collected by a researcher(s) when 
conducting their case study (Andrew et al., 2011; Yin, 
2018). Following the recommendations of Scott (2004, 
2014) and Scott and Marshall (2009), the study’s 
documents were examined according to four criteria: 
authenticity, credibility, representativeness and meaning. 


The document analysis was undertaken in six distinct 
stages: 


e Phase 1: The first phase involved planning the 
types and required documentation and their 
availability for the study. 


e Phase 2: The data collection phase involved 
sourcing the documents and developing and 
implementing a scheme for the document 
management. 


e Phase 3: The collected documents were examined 
to assess their authenticity, credibility and to 
identify any potential bias. 


e Phase 4: The content of the collected documents 
was carefully examined, and the key themes and 
issues were identified. 


e Phase 5: This phase involved the deliberation and 
refinement to identify any difficulties associated 
with the documents, reviewing sources, as well as 
exploring the documents content. 


e Phase 6: In this phase the analysis of the data was 
completed (O’Leary, 2004, p. 179). 


Following the guidance of Yin (2018), the study’s 
documents were downloaded and stored in a case study 
database. All the documents gathered for the study were all 
written in English. Each document was carefully read, and 
key themes were coded and recorded in the case study 
research framework (Baxter, 2021a). 


IV. RESULTS 
4.1. A Brief Overview of Singapore Airlines 


Singapore Airlines was established on 28 January 1972. 
The establishment of the new airline followed the 
emergence of Singapore as a Republic. Singapore had 
become independent from the Federation of Malaysia in 
1965 (Trocki, 2006). As a result, Malaysia-Singapore 
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Airlines (MSA) was split into two individual airlines that 
subsequently became the national flag carriers of 
Singapore and Malaysia, respectively (Chant, 1997; Huat, 
2016). Singapore Airlines commenced commercial 
operations on 1 October 1972 (Chan, 2000; Green & 
Swanborough, 1975; Seth, 2006). Singapore Airlines 
began serving the same international destinations that had 
been previously served by Malaysia-Singapore Airlines 
(MSA). During this period, Singapore Airline operated a 
fleet of Boeing B707 and Boeing B737 aircraft on these 
services (Chant, 1997). 


On 2 April 1973, Singapore Airlines commenced daily 
services between Singapore and London. On 31 July 1973, 
the airline commenced a major expansion program 
following the delivery of its first wide body aircraft type, 
the four-turbofan powered Boeing B747-212B aircraft. 
This was followed quite soon thereafter by another wide 
body aircraft, the McDonnell-Douglas DC10-30. These 
aircraft were operated on the airline’s medium-and-high 
density air routes (Chant, 1997). In the late 1970s, 
Singapore Airlines began operating services across the 
Pacific, terminating at San Francisco (Brimson, 1985). 


On 20 December 1980, Singapore Airlines received its 
first Airbus A300B4-203 aircraft. Following its 
introduction into commercial service, this aircraft type 
complemented the Boeing B747-212B and McDonnell 
Douglas DC10-30 aircraft (Chant, 1997). In June 1994, 
Singapore Airlines announced an order for Boeing 747s, 
Airbus A340, plus the lease of eight Boeing 777 aircraft 
(Birtles, 1998). As of September 1997, Singapore Airlines 
had placed firm orders for thirty - four Boeing 777s 
(Upton, 1998). Singapore Airlines was the first airline to 
place an order for the Airbus A380 aircraft (Jackson, 2021; 
Materna et al., 2015). Singapore Airlines subsequently 
took delivery of its first Airbus A380 aircraft on the 15th 
of October 2007. Singapore Airlines was the first airline in 
the world to operate the Airbus A380 aircraft. On October 
15, 2007, the first Airbus A380-800 aircraft was delivered 
to Singapore Airlines. Singapore Airlines began Airbus 
A380 commercial operations on 25 October 2007, when it 
commenced daily Airbus A380 flights between Singapore 
and Sydney (Kingsley-Jones, 2008; Simons, 2014). 
Singapore Airlines was the launch customer for Boeing 
Commercial Airplanes Boeing 787-10 aircraft (Polek, 
2017). 


At the time of the present study, Singapore Airlines 
operated a modern passenger fleet of 123 aircraft and had 
outstanding orders for a further 44 aircraft. SIA Cargo 
operated a fleet of 7 Boeing B747-400 freighter aircraft 
(Singapore Airlines, 2022). The Singapore Airlines Group 
comprises the wholly owned subsidiaries Scoot Airways, 
and SIA Cargo. On 25 July 2017, Scoot and Tigerair, the 
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SIA Group low-cost carriers, were officially merged into a 
single entity that retained the Scoot brand (Gupta Kapoor, 
2017; Ong, 2017; Singapore Airlines, 2019). Singapore 
Airlines formally joined the Star global passenger alliance 
in 2000 (Heracleous & Wirtz, 2012; Iatrou & Alamdari, 
2005; Ramaswamy, 2002). As at September 2021, Silkair 
had been fully integrated into Singapore Airlines 
(Singapore Airlines, 2022). 


Singapore Airlines has adopted the full-service network 
carrier business model. According to Ehmer et al. (2008, p. 
5), a “full-service network carrier is an airline that focuses 
on providing a wide range of pre-flight and onboard 
services, including different service classes, and 
connecting flights”. As of March 31, 2022, the airline’s 
combined passenger network covered 69 destinations 
(Singapore Airlines, 2022). 


Figure 1 presents Singapore Airlines annual enplaned 
passengers and revenue passenger kilometres performed 
(RPKs) for the period covering the financial years 
2010/2011 to 2021/2022. One passenger enplanement 
measures the embarkation of a revenue passenger, whether 
originating, stop-over, connecting or returning (Holloway, 
2016). One revenue passenger kilometre (RPK) is one 
passenger transported one kilometre (Belobaba, 2016; 
Gillen, 2017). Over the period FY2010/2011 to 2019/2020, 
Singapore Airlines enplaned passengers and RPKs showed 
quite consistent growth (Figure 1). Figure 1 shows, 
however, that there was a very steep decline in both the 
annual number of enplaned passengers and RPKs in 2020, 
which were both adversely impacted by the global 
COVID-19 pandemic. In 2020, the COVID-19 pandemic 
caused a decline in economic activity around the world. 
This decline in economic activity caused a major 
disruption in the air travel market supply and demand 
chain (Dube et al., 2021). Air transportation was one of the 
sectors most adversely impacted by the corona-virus 
pandemic (Barczak et al., 2022; Karakus et al., 2021; Sun 
et al., 2022). In addition, due to the global coronavirus 
crisis, most countries placed restrictive measures to 
confine the pandemia (Maria Iacus et al., 2020). As a 
result, these restrictions had a very adverse impact on 
global airline passenger demand, and thus, on the total 
number of revenue passenger kilometres performed 
(RPKs) by the world’s airlines in 2020 (International Air 
Transport Association, 2021). On 24th March 2020, the 
Singaporean Government closed its international borders 
(Djalante et al., 2020). Figure 1 shows that Singapore 
Airlines annual enplaned passengers grew from 457,000 in 
the 2020/2021 financial year to 3,388,000 enplaned 
passengers in the 2021/2022 financial year. In the 
2021/2022 financial year, the airline’s revenue passengers’ 
kilometres performed (RPKs) increased by 642.75% on the 
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2020/2021 financial year levels. The increase in both 
enplaned passengers and RPKs in the 2021/2022 financial 
year, reflected the growth in the airline’s operations as 
COVID-19 pandemic measures were eased throughout its 
route network. 


25,000,000 120,000 


sengers 


Annual Enplaned Pas 


anns Annual Enplaned Passengers ==» Revenue Passenger Kilometres (Millions) 


Fig.1: Singapore Airlines annual enplaned passengers and 
revenue passenger kilometres performed (RPKs): 2010/1 1- 
2021/22. Note: Financial years from 1 April to 31 March. 
Source: Data derived from Singapore Airlines (2013, 
2016, 2021, 2022). 


4.2. Singapore Airlines Environmental Policy 


Singapore Airlines has implemented a very comprehensive 
environment and sustainability related policy that is 
underpinned by four key pillars. 


Pillar One: Improved technology: Singapore remains 
committed to its long-held policy of operating a modern 
and fuel-efficient fleet (Singapore Airlines, 2019). 
Singapore Airlines took delivery of its first Boeing 787-10 
aircraft on March 25, 2018 (Australian Aviation, 2018; 
Singapore Airlines, 2018a). On September 22, 2018, 
Airbus delivered the first A350-900 Ultra Long Range 
(ULR) aircraft to Singapore Airlines (Airbus, 2018). As of 
31 March 2022, Singapore Airlines operated a fleet of 123 
aircraft, with an average age of five years and seven 
months. In addition, the airline had 7 Airbus A350- 
900XWB, 31 Boeing 777-9s, 13 Boeing 787-10s, and 24 
Boeing 737-8 MAX aircraft on firm order (Singapore 
Airlines, 2022). As part of its environmental policy, 
Singapore Airlines makes investments in engineering 
improvement packages for its aircraft airframes and 
engines. These improvements help to reduce drag and 
whilst at the same time improve engine efficiency, and 
thus, enhance fuel efficiency (Singapore Airlines, 2021). 


Pillar Two: Operational measures: Importantly, as 
previously noted, Singapore Airlines maintains a modern 
and fuel-efficient fleet. As of 31 March 2022, the airline 
was operating 58 Airbus A350-900XWB aircraft. The 
Airbus A350-900XWB aircraft is acknowledged for its 
improved operating efficiency (Singapore Airlines, 2019). 
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At the time of the present study, Singapore Airlines 
operated a fleet of fifteen Boeing 787-10 aircraft 
(Singapore Airlines, 2022). The Boeing 787-10 aircraft 
burns 20% less fuel than its predecessor the Boeing B767 
(Vasigh et al., 2012). A key focus of the airline’s 
environmental policy is on improving aircraft fuel 
productivity through the implementation of “green” 
operations and by reducing fuel usage through highly 
efficient aircraft weight management together with the 
optimization of flight routes (Singapore Airlines, 2021). 


Pillar Three: Improved infrastructure: Infrastructure 
improvements in the air transport industry present an 
opportunity for airlines to reduce both fuel use and carbon 
dioxide (CO2) emissions. Such improvements can be 
achieved from the optimization of air routes through 
efficient air traffic control management. Singapore 
Airlines collaborates with Air Traffic Management 
stakeholders to investigate new ways to improve and 
enhance airspace incremental efficiency (Singapore 
Airlines, 2019, 2021). 


Pillar Four: Global Market-Based Measure (MBM): 
Singapore Airlines recognizes that the International Civil 
Aviation Organization (ICAO) CORSIA scheme will play 
an essential role in achieving carbon neutral growth in a 
cost-efficient manner. As such, Singapore Airlines fully 
supports the ongoing efforts towards meeting the 
requirements in the ICAO “CORSIA” Monitoring, 
Reporting and Verification system of carbon emissions. As 
of 1 January 2019, Singapore Airlines commenced the 
monitoring and reporting of its carbon dioxide (CO2) 
emissions on an annual basis. Furthermore, Singapore 
Airlines will voluntarily participate in the ICAO CORSIA 
program from 2021 to 2026, following which the scheme 
becomes mandatory (Singapore Airlines, 2019). 


The International Civil Aviation Organization (ICAO) is 
responsible for setting the international standards for 
nitrous oxides (NOx), carbon dioxide (CO2), 
hydrocarbons, and exhaust levels from aircraft engine 
emissions in accordance with Annex 16 (Volume IID) to 
the 1944 Chicago Convention on International Civil 
Aviation (International Civil Aviation Organization, 2014; 
Young, 2018). As part of its sustainable environment 
policy, Singapore Airlines fully supports the new carbon 
dioxide (CO2) emissions standard that has been set by the 
International Civil Aviation Organization (ICAO) in order 
meet the air transport industry’s long-term commitment to 
reduce carbon dioxide (CO2) emissions (Singapore 
Airlines, 2021). 


Singapore Airlines is dedicated to its long-term 
responsibility to protect the environment while delivering 
air transportation services that are of the highest quality. 
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As discussed below, Singapore Airlines has introduced an 
extensive range of programs to enable it to implement 
sustainable practices across its operations in a responsible 
manner. The airline actively manages issues such as 
carbon dioxide (CO2) emissions, noise, waste, as well as 
energy and water consumption. Singapore Airlines 
continues to explore new sustainable practices across all 
areas of its operations. The company has adopted the 
International Air Transport Association (IATA) four-pillar 
strategy to address climate change, and, as a result, it seeks 
opportunities to reduce the carbon footprint of its 
operations. The airline also promotes eco-friendly habits 
among its employees and stakeholders. In addition, 
Singapore Airlines raises the awareness on the importance 
of taking action to reduce its impact on the environment 
(Singapore Airlines, 2020). In 2021, the Singapore 
Airlines Group (SIA) committed to a net zero carbon 
emissions standard across all operations by 2050 (Asian 
Aviation, 2021; Becken, 2021). According to the Climate 
Council (2022), “net zero emissions’ refers to achieving an 
overall balance between greenhouse gas emissions 
produced and greenhouse gas emissions taken out of the 
atmosphere”. 


Singapore Airlines became a signatory to the Ten 
Principles of the United Nations Global Compact in 2018 
(Singapore Airlines, 2019). Singapore Airlines has 
prioritized three of the seventeen United Nations (UN) 
Development goals, that is, Goal Number 8 (Promote 
sustained, inclusive, and sustainable economic growth, full 
and productive employment, and decent work for all), 
Goal 12 (Ensure sustainable consumption and production 
patterns), and Goal 13 (Take urgent action to combat 
climate change and its impact), The airline has also 
adopted UN Development Goal 7 affordable and clean 
energy (Singapore Airlines, 2021). In 2015, all United 
Nations Member States adopted the “2030 Agenda for 
Sustainable Development” and its seventeen 17 
Sustainable Development Goals (SDGs). Each SDG 
comprises a range of targets to be achieved by 2030 
(Katila et al., 2019; United Nations, 2022). The United 
Nations Sustainable Development Goals (SDGs) provide a 
framework for business and government to solve global 
economic, social, and environmental challenges (Air New 
Zealand, 2018). 


On 10 February 2021, the Singaporean Government 
announced its “Singapore Green Plan 2030”, that charts 
the country’s targets for sustainability for the forthcoming 
decade (Chng & Ong, 2021; Lin-Heng, 2021). In line with 
the “Singapore Green Plan 2030”, as well as Singapore 
Airlines Sustainability Policy and Climate Action Pledge, 
the airline is continuing to explore and implement new 
sustainable practices across its operations. These include a 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab. 75.9 


focus on the use of green energy, green infrastructure, and 
buildings, as well as green citizenry, which involves 
reducing water consumption, and reducing waste disposed 
to landfill (Singapore Airlines, 2022). 


4.3. Singapore Airlines Annual Scope 1 Carbon Dioxide 
(CO2) Emissions from Flight and Ground 
Operations 


Direct Scope 1 greenhouse gas (GHG) emissions occur 
from sources that are owned or controlled by Singapore 
Airlines. These direct Scope 1 emissions include emissions 
from aircraft jet fuel and fuel consumption in Singapore 
Airlines owned or controlled vehicles (Singapore Airlines, 
2020). 


4.3.1. Annual Carbon Dioxide (CO2) Emissions from 
Freighter Services 


The provision of air freight services is a core business 
product of Singapore Airlines. As previously noted, SIA 
Cargo, the air cargo division of Singapore Airlines, 
operates a fleet of 7 Boeing B747-400 freighter aircraft. A 
freighter aircraft is an aircraft that has been expressly 
designed or which has been converted to transport air 
cargo, express, and so forth, rather than passengers 
(Wensveen, 2016). The Boeing B747-400 freighter is 10- 
16 per cent more fuel efficient than its 747-200 model 
(Wallis, 2013), and this additional fuel efficiency translates 
into lower aircraft emissions. Singapore Airlines annual 
Scope 1 carbon dioxide (CO2) emissions from the 
operation of SIA Cargo freighter services and the year-on- 
year change (%) from the 2010/11 financial year to the 
2021/22 financial year is presented in Figure 2. As can be 
observed in Figure 2, SIA Cargo annual freighter aircraft 
carbon dioxide (CO2) emission levels have predominantly 
displayed a downward trend, decreasing from a high of 
1,716.87 thousand tonnes in the 2010/11 financial year to a 
low of 874.7 thousand tonnes in the 2018/19 financial 
year. This downward trend is demonstrated by the year-on- 
year percentage change line graph, which is more negative 
than positive, that is, more values are below the line than 
above. Figure 2 shows that during the study period, there 
were just three years, when the SIA Cargo freighter carbon 
dioxide (CO2) emissions increased on a year-on-year basis. 
These increases were recorded in the 2014/2015 financial 
year (+4.18%), the 2020/21 financial year (+17.05%), the 
2021/2022 financial year (+2.36%), respectively (Figure 
2). These increases could be attributed to greater freighter 
flight frequencies in these respective years. The largest 
single annual decrease in carbon dioxide (CO2) emissions 
occurred in the 2012/13 financial year, when these aircraft 
emissions decreased by 38.68% on the previous year levels 
(Figure 4). The overall downward trend is highly favorable 
and shows that SIA Cargo has been able to accommodate 
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the growing demand for their services while at the same 
time mitigating as much as possible the detrimental impact 
of their freighter aircraft carbon dioxide (CO2) emissions 
on the environment. 
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Fig.2: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from SIA Cargo freighter services and the 
year-on-year change (%): 2010/11-2021/22. Note: 
Financial years from I April to 31 March. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


The SIA Cargo annual carbon dioxide (CO2) freighter 
aircraft emissions intensity ratio (KgCO2/LTK) and the 
year-on-year change from the 2010/11 financial year to the 
2021/22 financial year is depicted in Figure 3. Load tonne 
per kilometre (LTK) is a unit of measurement for transport 
capacity and represents the transport of a tonne (1000 
kilograms) of load capacity over one kilometre (Statistics 
Netherlands [CBS], 2022). Figure 3 shows that the SIA 
Cargo annual freighter aircraft carbon dioxide emissions 
intensity ratio oscillated over the study period, rising from 
a low of 0.53 Kg CO2/LTK to a high of 0.58 Kg CO2/LTK 
in the 2015/16 financial year and the 2019/20 financial 
year, respectively (Figure 3). The largest single annual 
increase in this metric occurred in 2015/2016 and 
2019/2020 financial years, when the annual value of this 
ratio increased by 5.45% in both years (Figure 3). The 
largest single annual decrease in this ratio was recorded in 
the 2017/18 financial year, when there was a decrease of 
3.63% on the previous year level (Figure 3). The decrease 
in the 2020/21 financial year (-3.44%) was attributed to 
lower levels of freighter flight activity associated with the 
downturn in demand from the Covid 19 pandemic. This 
ratio decreased by 1.78% in the 2021/2022 financial year, 
which once again was a favorable result given the increase 
in freighter services in the 2021/2022 financial year. 
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Fig.3: Singapore Airlines annual carbon dioxide (CO2) 
emissions intensity ratio (KgCO2/LTK) for SIA Cargo 
freighter services and the year-on-year change: 2010/11- 
2020/21. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


4.3.2. Annual Carbon Dioxide (CO2) Emissions from 
Passenger Services 


Singapore Airlines annual Scope 1 carbon dioxide (CO2) 
emissions from its passenger services and the year-on-year 
change (%) from the 2010/11 financial year to the 2021/22 
financial year is presented in Figure 4. As can be observed 
in Figure 4, despite the increase in the number of 
passengers carried and the higher number of services 
operated, Singapore Airlines annual Scope 1 carbon 
dioxide (CO2) emissions from passenger services remained 
relatively constant over the period 2010/11 to 2019/2020. 
During this period, the highest single year-on-year change 
in emissions, was recorded in the 2012/13 financial year, at 
which time the annual carbon dioxide (CO2) emissions 
increased by 4.97% on the previous year levels (Figure 4). 
Figure 4 shows that the airline’s passenger service carbon 
dioxide (CO2) emissions decreased on a year-on-year basis 
in the 2014/15 financial year, when the annual carbon 
dioxide (CO2) emissions decreased by 1.93% on the 
2013/14 financial year levels (Figure 4). Figure 4 also 
shows that was a very significant decrease (-78.22%) in 
the airline’s annual carbon dioxide (CO2) levels in the 
2020/21 financial year. This substantial decrease was due 
to the greatly scaled back level of operations because of 
the global Covid-19 pandemic (Singapore Airlines, 2021). 
Figure 4 shows that there was a pronounced spike in this 
metric during the 2021/2022 financial year, at which time 
it increased by 126.1% on the previous year levels. In the 
2021/2022 financial year, Singapore Airlines was able to 
operate more passenger services following the gradual 
easing of COVID-19 pandemic measures throughout its 
route network. In the 2021/2022 financial year, Singapore 
Airlines increased the number of destinations that it served 
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from 47 destinations in the 2020/2021 financial year to 69 
destinations in the 2021/2022 financial year. 


H 
F 
5 
pa 
pa 
o 


12, 


Annual Carbon Dioxide (CO2) Emissions 


R 
ss Carbon Dioxide (C02) Emissions (Thousand Tonnes) 


ee Year-on-Yea Change (%) 


Fig.4: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from passenger services and the year-on- 
year change (%): 2010/1 1-2021/22. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


Figure 5 presents Singapore Airlines annual passenger 
services carbon dioxide (CO2) emissions intensity ratio 
(Kg CO2/LTK) and the year-on-year change from the 
2010/11 financial year to the 2021/22 financial year is 
presented in Figure 5. Figure 5 shows that there were three 
discrete trends with this ratio. From the 2010/11 financial 
year to the 2012/13 financial year, there was an upward 
trend with the value of the ratio increasing from 0.93 Kg 
CO/LTK to 0.95 KgCO/LTK in the 2012/13 financial 
year (Figure 5). Over the period 2012/13 to 2018/19, the 
ratio decreased from a high of 0.95 Kg CO2/LTK in the 
2012/13 financial year to a low of 0.88 KgCO2/LTK in the 
2018/19 financial year (Figure 5). This was a very 
favorable result given the increase in the number of 
passengers carried and the higher level of services 
operated by the airline. Figure 5 shows that there was a 
pronounced spike in this metric in the 2020/21 financial 
year, when it increased by 28.08% on the 2019/20 level. 
This increase may be due to the smaller number of 
passengers carried as well as the lower number of flights 
operated due to the COVID-19 virus pandemic. These two 
factors resulted in the ratio increasing from 0.89 
KgCO./LTK in 2018/19 to a high of 1.14 KgCO2/LTK in 
2020/21 (Figure 5). Figure 5 shows that this metric 
decreased on a year-on-year basis in the 2021/2022 
financial year by 4.38%. This was a very favorable 
outcome as the airline passenger traffic increased by 
641.35% whilst carbon dioxide (CO2) emissions from its 
passenger services increased by 126.1%. There was a 
further decrease in this metric in the 2021/2022 financial 
year, at which time it decreased by 4.38% on the previous 
year levels (Figure 5). This decrease suggests that 
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Singapore Airlines was able to increase its passenger 
traffic in the 2021/2022, whilst at the same time decreasing 
the amount of carbon dioxide (CO2) emissions per 
enplaned passenger. 
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Fig.5: Singapore Airlines annual carbon dioxide (CO2) 
emissions intensity ratio (KgCO/LTK) for passenger 
services and the year-on-year change: 2010/11-2020/21. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


4.3.3. Total Annual Carbon Dioxide (CO2) Emissions 
from Flight Operations 


Singapore Airlines total annual scope 1 carbon dioxide 
(CO2) emissions from passenger and freighter operations 
and the year-on-year change (%) from the 2010/11 
financial year to the 2020/22 financial year is presented in 
Figure 6. Figure 6 shows that the total annual Scope 1 
carbon dioxide (CO2) emissions from the total flight 
operations (passenger and freighter flights) oscillated over 
the study period. There was a slight annual increase in 
these carbon dioxide (CO2) emissions over the financial 
years covering the period 2010/11 to 2012/13. Following 
this there was a slight downward trend in the 2013/14 
financial year (-1.04%), and again in the 2014/15 financial 
year (-2.25%), respectively (Figure 6). The airlines total 
annual scope 1 carbon dioxide (CO2) emissions from flight 
operations grew on a year-on-year basis from the 2015/16 
financial year to the 2018/19 financial year. During this 
time frame, the largest single annual increase in carbon 
dioxide (CO2) emissions was recorded in the 2018/19 
financial year, when these emissions increased by 1.76% 
on the previous year’s levels (Figure 6). In the latter years 
of the study, that is, from the 2019/20 financial year and 
the 2020/21 financial year, there was a downward trend in 
these emissions, with a very significant decrease recorded 
in the 2020/21 financial year (-72.03%) (Figure 6). The 
sharp decrease in the 2020/21 financial year was attributed 
to lower levels of flight activity associated with the 
downturn in demand from the COVID 19 pandemic. 
Figure 6 shows that this metric increased by 92.42% in the 
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2021/2022 financial year, reflecting the increase in both 
passenger and freighter services operated by the airline. As 
outlined below, Singapore Airlines has implemented a 
wide range of carbon dioxide (CO2) reduction measures 
over the study period, and these measures have enabled the 
airline to mitigate its carbon footprint. 


nissions From 


asns Total Annual Carbon Dioxide Emissions From Flight Operations (Thousand 
Tonnes) 


oe Year-on-Yea Change 


Fig.6: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from flight operations and the year-on- 
year change (%): 2010/1 1-202 1/22. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


4.3.4. Annual Carbon Dioxide (CO2) Emissions from 
Ground Operations 


Throughout the study period, Singapore Airlines operated 
a fleet of ground-based vehicles that were powered by 
either petrol or diesel engines. These vehicles are required 
to comply with the National Environmental Agency’s 
(NEA) requirements on motor vehicle emissions 
(Singapore Airlines, 2021). Singapore Airlines annual 
Scope 1 carbon dioxide (CO2) emissions from fossil fuel 
consumption and the year-on-year change for the period 
covering the 2010/11 financial year to the 2021/22 
financial year is presented in Figure 7. As can be observed 
in Figure 7, the annual carbon dioxide (CO2) emissions 
from fossil fuel consumption fluctuated over the study 
period. The largest single annual decrease in these 
emissions was recorded in 2016/2017 financial year (- 
99.43%) (Figure 7). The highest single annual increase in 
these emissions was in the 2021/2022 financial year, when 
they increased by 28.07% on the 2020/2021 financial year 
levels. Figure 7 also shows that there was a considerable 
decrease in these emissions in the 2014/15 financial year 
of -10.35% (Figure 7). In the latter years of the study 
period, there was a very significant decrease in the 
airline’s annual fossil fuel related carbon dioxide (CO2) 
emissions. From an environmental perspective, these 
carbon dioxide (CO2) emissions have decreased 
significantly in the latter years of the study period, that is, 
from the 2016/2017 financial year to 2021/2022 financial 
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years, and suggest that Singapore Airlines has been able to 
reduce its overall ground operations carbon dioxide (CO2) 
emissions very effectively, and hence, mitigate the impact 
of these emissions upon the environment. 
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Fig.7: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from ground operations and the year-on- 
year change (%): 2010/11-202 1/22. 


Source: Data derived from Singapore Airlines (2013, 
2014, 2017, 2022). 


4.3.5. Annual Carbon Dioxide (CO2) Emissions from 
Diesel Consumption 


Singapore Airlines indirect (Scope 2) carbon dioxide 
(CO2) emissions from its ground vehicle diesel 
consumption and the associated year-on-year change (%) 
from the 2017/18 financial year to the 2021/22 financial 
year is presented in Figure 8. As can be observed in 
Figure 8, there has been an overall upward trend in this 
metric, when it increased from a low of 8.9 tonnes in the 
2017/2018 financial year to a high of 29.2 tonnes in the 
2021/2022 financial year. This overall upward is 
demonstrated by the year-on-year percentage change line 
graph, which is more positive than negative, that is, all 
values are above the line. Figure 8 shows that there were 
two very substantial spikes in this metric during the study 
period. These significant increases were recorded in the 
2018/2019 financial year (+59.55%) and in the 2019/2020 
financial year (+91.54%), respectively (Figure 8), and 
reflected an increased demand for diesel fuel in both 
financial years. Figure 8 shows that there were no recorded 
annual decreases in this metric during the study period. 


4.3.6. Annual Carbon Dioxide (CO2) Emissions from 
Petrol Consumption 


Singapore Airlines indirect (Scope 1) carbon dioxide 
(CO2) emissions from its ground vehicle petrol 
consumption and the associated year-on-year change (%) 
from the 2017/2018 financial year to the 2021/2022 
financial year are presented in Figure 9. Figure 9 shows 
that the annual carbon dioxide (CO2) emissions from its 
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petrol consumption increased by 20.32% in the 2018/2019 
financial year, reflecting a higher demand for petrol in that 
financial year (Figure 9). There was a pronounced decrease 
in this metric during the 2020/2021 financial year, at 
which time it decreased by 38.55% on the previous year 
levels (Figure 9). As previously noted, Singapore Airlines 
was adversely impacted by the COVID-19 pandemic and 
the related government pandemic response measures in 
2020. These factors influenced Singapore Airlines petrol 
consumption in the 2020/2021 financial year, and due to 
the lower demand for petrol there was an associated 
decrease in the airline’s carbon dioxide (CO2) emissions 
because of the lower petrol consumption in the 2020/2021 
financial year. Figure 9 shows that there was a significant 
spike in this metric during the 2021/2022 financial year, at 
which time it increased by 53.69% on the 2020/2021 
financial year levels. This increase could be attributed to 
the increased operational activities associated with the 
increase in flights operated by Singapore Airlines in the 
2021/2022 financial year. As noted earlier, Singapore 
Airlines expanded the number of destinations that it served 
in the 2021/2022 financial year. 
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Fig.8: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from diesel consumption and the year-on- 
year change (%): 2010/1 1-2021/22. 


Note: Data prior to 2017/2018 not available. 


Source: Data derived from Singapore Airlines (2013, 
2017, 2022). 


4.4. Singapore Airlines Annual Scope 2 Carbon Dioxide 
(CO2) Emissions 


Singapore Airlines indirect (Scope 2) greenhouse gas 
(GHG) emissions are those emissions that are produced 
from the generation of purchased electricity that is 
consumed in Singapore Airlines buildings (total gross floor 
area) and offices (total leased area). These emissions 
physically occur at the facilities where electricity is 
generated (Singapore Airlines, 2020). Figure 10 presents 
Singapore Airlines annual Scope 2 carbon dioxide (CO2) 
emissions from indirect energy consumption (electricity) 
and the year-on-year change for the period covering the 
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2010/11 financial year to the 2021/2022 financial year. As 
can be observed in Figure 10, the annual Scope 2 carbon 
dioxide (CO2) emissions from indirect energy (electricity) 
consumption have exhibited an overall downward trend 
during the study period. As discussed below, Singapore 
Airlines has implemented a wide range of energy 
efficiency measures that have played a key role in reducing 
the airline’s annual carbon dioxide (CO2) emissions from 
its electricity consumption. This overall downward trend is 
demonstrated by the year-on-year percentage change line 
graph, which is more negative than positive, that is, more 
values are below the line than above. Indeed, Figure 10 
shows that there were only two annual increases in 
Singapore Airlines annual indirect Scope 2 carbon dioxide 
(CO2) emissions from its electricity consumption. These 
annual increases were recorded in the 2010/11 and 
2021/2022 financial years. In the 2010/2011 financial year, 
Singapore Airlines annual carbon dioxide (CO2) emissions 
from its electricity consumption increased by 1.06% on the 
previous year levels. In the 2021/2022 financial year 
Singapore Airlines annual carbon dioxide (CO2) emissions 
from its electricity consumption increased by 1.46% on the 
previous year levels, with the increase reflecting a higher 
demand for electricity in the 2021/2022 financial year 
(Figure 10). As can be observed in Figure 10, there were 
three quite significant annual decreases in this metric. 
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Fig.9: Singapore Airlines annual Scope 1 carbon dioxide 
(CO2) emissions from petrol consumption and the year-on- 
year change (%): 2010/11-202 1/22. 


Note: Data prior to 2017/2018 not available. 


Source: Data derived from Singapore Airlines (2013, 
2016, 2021, 2022). 


These decreases occurred in the 2014/2015 financial year 
(-10.63%), the 2017/2018 financial year (-44.03%), and 
the 2020/2021 financial year (-27.4%), respectively 
(Figure 10). In each of these years, Singapore Airlines was 
able to increase its passenger traffic and services, whilst at 
the same time reducing its annual electricity consumption, 
and thus, its carbon dioxide (CO2) emissions that are 
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produced from this energy source. This is a very favorable 
trend and suggests that the wide range of energy saving 
measures have had a significant impact on the annual level 
of Scope 2 carbon dioxide (CO2) emissions from the 
airline’s electricity consumption. 
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Fig.10: Singapore Airlines annual Scope 2 carbon dioxide 
(CO2) emissions from electricity consumption and the 
year-on-year change (%): 2010/11-2021/22. 


Source: Data derived from Singapore Airlines (2013, 
2016, 2021, 2022). 


Singapore Airlines annual Scope 2 carbon dioxide (CO2) 
emissions from electricity consumption per enplaned 
passenger and the year-on-year change (%) for the period 
covering the 2010/11 to 2021/22 financial years is depicted 
in Figure 11. Figure 11 shows that there was an overall 
downward trend in this metric from the 2010/2011 
financial year to the 2019/2020 financial year. During this 
period, there were three quite significant annual decreases 
in this metric. These decreases were recorded in the 
2012/2013 financial year (-12.98%), the 2014/2015 
financial year (-11.19%), and the 2017/2018 financial year 
(-45.48%), respectively (Figure 11). This was a very 
favorable outcome as it showed that the airline could 
handle higher levels of demand for its passenger services 
whilst at the same time reducing its electricity 
consumption, and hence, its carbon dioxide (CO2) 
emissions per enplaned passenger. However, there was one 
marked exception to this trend, which occurred in the 
2020/2021 financial year. Figure 11 shows that there was a 
very substantial spike in this metric in the 2020/2021, 
when it increased by 3,221.1% on the 2019/2020 financial 
year levels. This substantial increase could be attributed to 
the annual decrease in passengers (-97.81%) being a lot 
greater than the annual decrease in the airline’s electricity 
consumption (-27.4%). As a result, there were fewer 
passengers to spread the electricity consumption related 
carbon dioxide (CO2) emissions over in the 2020/2021 
financial year. Figure 11 also shows that there was quite a 
significant decrease in this metric during the 2021/2022 
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financial year, when it decreased by 86.31% on the 
2020/2021 financial year levels. This was another 
favorable outcome as it demonstrated that Singapore 
Airlines was once again able to handle more passengers 
whilst at the same time reducing its electricity 
consumption per enplaned passenger, and this in turn, 
resulted in the significant decrease in this metric in the 
2021/2022 financial year. 


2010/2011 W 


on Dioxide (002) Emissions From Electricity Consumed Per Enplaned 


Kilog 


eee YEor-O1N-Year Change (%) 


Fig.11: Singapore Airlines annual Scope 2 carbon dioxide 
(CO2) emissions from electricity consumption per 
enplaned passenger and the year-on-year change (%): 
2010/11-202 1/22. 


Source: Data derived from Singapore Airlines (2013, 
2016, 2021, 2022). 


4.5. Singapore Airlines Carbon Footprint Mitigation 
Measures 


4.5.1. Aircraft Weight Reduction Program 


A significant development in the airline industry in recent 
times has been the efforts made by airlines to reduce the 
weight of their aircraft, and thus, reduce aircraft fuel burn 
and the associated harmful emissions (Gilani & Körpe, 
2019). 


The aircraft operated by airlines on their commercial 
services have a potable water uplift capability which is 
used to service the aircraft cabin and its associated 
amenities. Depending upon the size of the aircraft assigned 
to a flight, the potable water uplift can exceed 2,000 litres 
(Franzi, 2018). Airlines have also implemented potable 
water strategies whereby they carefully optimize the water 
uplift on flights to satisfy passenger requirements whilst at 
the same time achieving aircraft fuel burn reductions and 
the related emissions savings from the lower aircraft 
weight (Baxter, 2016). 


Throughout the study period, Singapore Airlines has 
implemented initiatives both within the airlines that are 
part of the Singapore Airlines Group and with the Original 
Equipment Manufacturers (OEMs) that are designed to 
reduce the weight of its aircraft fleet. An example of such 
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a weight saving initiative was the optimization of the water 
uplift based on flight sector requirements through a 
tailored potable water program. A further weight saving 
initiative involved the removal of unutilized overhead 
storage compartments located in between the galleys of the 
airline’s Boeing 777-300ER aircraft. These two aircraft 
weight initiatives saved 2,400 tonnes of fuel per year 
whilst also reducing carbon dioxide (CO2) emissions by 
around 7,560 tonnes per annum (Singapore Airlines, 
2017). 


4.5.2. ASPIRE Program 


The Asia and Pacific Initiative to Reduce Emissions 
(ASPIRE) program is a partnership of air traffic control 
service providers that is focused on environmental 
stewardship within the Asia/Pacific region (Singapore 
Airlines, 2014). On February 18, 2008, the ASPIRE 
agreement was signed in Singapore, with the original 
members being Australia’s and New Zealand’s air traffic 
service providers and the United States Federal Aviation 
Administration (FAA). The agreement was subsequently 
signed by the Japan, Singapore, and Thailand air traffic 
service providers (Nakamura et al., 2014; Woon Lee et al., 
2018). 


As part of the “ASPIRE-Daily City Pair’ program”, regular 
“green” flights have been conducted between pairs of 
airports located throughout the Asia-Pacific region. Under 
this program, the aviation authorities in Singapore, the 
United States, and Japan have also worked in partnership 
to ensure optimal air traffic conditions (Singapore Airlines, 
2014). The first multi-sector demonstration “green flight” 
operated by Singapore Airlines under the ASPIRE 
program was the airline’s flight SQ11. This flight operated 
from Los Angeles to Singapore, with a transit stopover in 
Tokyo, Tokyo on 31 January 2010. In total, the airline 
achieved a fuel saving of 6% as compared to a similar 
flight. This fuel saving translated into a reduction of 
33,769 kg of carbon dioxide (CO2) emissions. On 16 May 
2011, the first scheduled commercial service between Los 
Angeles and Singapore, flight number SQ37, was launched 
as part of the program. The non-stop flight employed 
enhanced gate-to-gate air traffic management operational 
procedures that were designed to reduce both aircraft fuel 
burn and carbon dioxide (CO2) emissions. Other flight 
optimization measures included Dynamic Airborne 
Reroute Procedures, 30/30 Reduced Oceanic Separation, 
and Time-Based Arrival Management and Arrival 
Optimization. These measures significantly reduce fuel 
burn and the carbon dioxide (CO2) emissions on the 
airline’s flights. According to Singapore Airlines, there is 
an average carbon dioxide (CO2) emission saving of 3.8 
tonnes for each Los Angeles-Singapore flight operated by 
the airline (Singapore Airlines, 2013). The Oceania region 
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has been included in the ASPIRE program since 15 
September 2012 (Singapore Airlines, 2015). 


Under the ASPIRE program, Singapore Airlines 
commenced Singapore-Canberra-Wellington and vice 
versa flights in 2017 that used the range of ASPIRE 
practices. These ASPIRE practices included the use of 
favorable winds, reducing airborne holding, and enabling 
efficient continuous descent arrivals and reducing aircraft 
taxiing times. On an annual basis, the use of the ASPIRE 
Program practices would enable Singapore Airlines to 
reduce its aircraft fuel consumption by an estimated 1,500 
tonnes of fuel and this would translate into annual saving 
of 4,600 tonnes of carbon dioxide (CO2) emissions on 
these flight sectors (Singapore Airlines, 2017). Singapore 
Airline’s non-stop service between Singapore and San 
Francisco was included in the ASPIRE program in the 
2017/18 financial year (Singapore Airlines, 2018). 


4.5.3. Cleaner-energy vehicles 


In addition to the emissions produced from aircraft, the 
operation of the aircraft ground service equipment used to 
service aircraft during the time they are on the ground in 
between flights can also produce significant amounts of 
carbon dioxide (CO2) emissions (International Airport 
Review, 2010). Thus, the replacement of internal 
combustion engine powered airport ground support 
vehicles and equipment used by airlines and ground 
handling agents could potentially reduce carbon dioxide 
(CO2), carbon monoxide (CO), hydrocarbons (HC), 
nitrogen oxides (NOx), and particulate matter (PM) 
(Gellings, 2011). Singapore Airlines has been cognizant of 
the environmental impact of fossil fuel vehicles and 
equipment and, as a result, in the 2020/21 financial year, 
Singapore Airlines installed six electric vehicles (EV) 
charging stations and promoted the use of electric vehicles 
(Singapore Airlines, 2021). 


4.5.4. Energy Conservation Measures 


An important development in the global airline industry 
has been the strategy implemented by airlines to actively 
promote energy-saving and carbon reduction measures. 
These measures are being implemented to enable airlines 
to to reduce the greenhouse (GHG) gases that are 
generated in the provision of transportation services (Tsai 
et al., 2014). The associated environmental-related benefit 
of reduced energy consumption is the reduction in carbon 
dioxide (COz) emissions. Indeed, energy efficiency 
provides several important environmental benefits. Energy 
efficiency measures can reduce greenhouse (GHG) 
emissions, both direct emissions from fossil fuel 
combustion and consumption, as well as the indirect 
emissions electricity generation 
(International Energy Agency, 2022). 


reductions from 
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Throughout the study period, Singapore Airlines has 
introduced a range of facility and building-related energy 
saving measures, which had a particular focus on air- 
conditioning, ventilation, lightings, and lifts within the 
company’s buildings in Singapore. With the goal of 
ensuring environmental protection, a broad spectrum of 
measures was put in place under the airline’s Office 
Management System (OMS) (Singapore Airlines, 2015). 


During the 2014/15 financial year, Singapore Airlines 
buildings and facilities were upgraded with more energy- 
efficient equipment and technology. These energy 
efficiency measures included the upgrading of lifts with a 
more efficient model that had a variable voltage variable 
frequency (VVVF) motor, the changing of high bay lights 
from metal halide lamps to more energy-efficient light 
emitting diode (LED) lights, the replacement of neon signs 
on the company’s main buildings with LED technology, 
the installation of a heat exchange system at the SilverKris 
Lounge at Changi Airport, which is used to produce hot 
water for the showers, and the replacement of an old 
chiller system with a higher energy efficiency model. 
These energy saving measures amounted to 80,000 kWh 
per month (Singapore Airlines, 2015) and this energy 
saving measure reduces carbon dioxide (CO2) emissions 
by around 68.83 tonnes per month. In the 2016/17 
financial year, Singapore Airlines energy saving measures 
primarily focused on the management of air conditioning 
systems and lighting within its buildings. A key measure 
was the replacement of high bay lighting for hangar 
operations (Singapore Airlines, 2017). These measures 
reduced both energy consumption and the associated 
carbon dioxide (CO2) emissions. In the 2017/18 financial 
year, Singapore Airlines continued its energy saving 
measures program which included the completion of 
replacement of high bay lights project for the airline’s 
Hangar 1 from 1,000W sodium metal halide lamps to 
400W dimmable LED high bay lights. This measure 
provided energy efficiency savings and lower carbon 
dioxide (CO2) emissions. Other energy efficiency 
measures included the ongoing replacement of fan coil 
units (FCUs) within the company’s buildings with more 
efficient models as well as the replacement of computer 
air-conditioning units (CAUs) serving the aircraft 
simulator computers with higher efficiency units 
(Singapore Airlines, 2018b). In the 2018/19 financial year, 
Singapore Airlines conducted a study that focused on the 
potential use of solar energy to support the company’s use 
of “green” energy to meet its buildings’ energy 
requirements (Singapore Airlines, 2019). Green energy is 
“a sustainable energy source that zero or minimal 
environmental and economic impact, and can be obtained 
from solar, wind, hydro, geothermal, biomass, and other 
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renewable sources” (Enescu, 2019). A tender was 
subsequently issued for the installation of solar panels at 
the airline’s Head Office building in Singapore (Singapore 
Airlines, 2019). Importantly, increasing the proportion of 
renewable energy consumption to replace part of the fossil 
energy consumption is regarded as very suitable solution 
for the problem of air pollution (Shen et al., 2020). This is 
because renewable energy sources reduce air pollution and 
cuts down carbon dioxide (CO2) emissions (Spellman, 
2015; Xie et al., 2021). Furthermore, the use of solar 
power helps a firm to mitigate its greenhouse gases 
(GHGs) and achieve it sustainability objectives (Sreeneth 
et al., 2021). Other energy saving measures in the 
2018/2019 financial year included the progressive 
upgrading of air-conditioning equipment to ensure that the 
most energy efficient equipment is used in the company’s 
buildings and facilities. Singapore Airlines also continued 
the replacement of Fan Coil Units (FCUs) within its 
buildings with more efficient models, and the company 
continued to replace old light fittings with LED lighting 
(Singapore Airlines, 2019). 


In the 2019/20 financial year, Singapore Airlines 
continued to implement energy reduction initiatives, and 
these resulted in an estimated 800 MWh of energy savings 
principally through adjustments to the operating 
parameters of its chiller plants and air-handling units 
(AHU), and through the replacement of lighting with more 
energy efficient light -emitting diode (LED) light fittings. 
In addition to its energy reduction initiatives, the airline 
started using renewable energy. As part of this strategy, 
Singapore Airlines entered a partnership with SembCorp 
Solar to install rooftop solar panels on three of its 
buildings: Airline House, SIA Training Centre and 
TechSQ. As well as delivering considerable energy 
savings, the new system has reduced the airline’s carbon 
dioxide (CO2) emissions by 4.3 million tonnes per year 
(Singapore Airlines, 2021). 


In the 2021/2022 financial year, Singapore Airlines 
maintained its energy efficiency measures program. 
Consequently, an extensive number of energy efficiency 
measures were undertaken. These energy efficiency 
measures included the upgrade and adjustment of the 
operating parameters of one of its chiller plants and air- 
handling units (AHU). The airline reduced unnecessary 
usage of utilities such as air conditioners, lighting, and IT 
hardware in the SIA Data Centre: The data centre used 
more energy efficient air-conditioning and computer 
hardware. In addition, the airline progressively replaced 
lights with more energy efficient light-emitting diode 
(LED) light fittings. During the 2021/2022 financial year, 
all the conventional metal halide high bay lights in the SIA 
Supplies Centre were retrofitted with energy efficient LED 
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high bay lights. The use of energy efficient LED high bay 
lights is expected to save 330,000kWh annually, which is 
equivalent to 135 tonnes of annual carbon dioxide (CO2) 
emissions savings. In the 2021/2021 financial year, 
Singapore Airlines also replaced goods and passenger lifts 
in the SIA Supplies Centre. Also, in the 2021/2022 
financial year, Singapore Airlines let a tender for the 
replacement of chiller plant systems in the SIA Training 
Centre and TechSQ facilities. To optimize operating 
efficiency, existing chiller systems, which were no longer 
operating at its optimal performance and efficiency, will be 
combined into a larger and more efficient chiller system. 
The combined chiller system is expected to save more than 
700,000kWh of energy annually. This will result in an 
annual reduction of 286 tonnes of carbon dioxide (CO2) 
emissions. The new chiller system is anticipated to be 
commissioned in the fourth quarter of 2022/23 financial 
year (Singapore Airlines, 2022). 


4.5.5. Improved Flight Operations Procedures 


A key focus for Singapore Airlines environmentally 
sustainable operations has been the adoption of several 
improved flight operation measures that not only reduce 
aircraft fuel consumption but also the associated carbon 
dioxide (CO2) emissions. These measures include the use 
“continuous descent” operations and are designed to 
minimize fuel use (without impacting safety) (Singapore 
Airlines, 2017, 2018). A “continuous descent” operation is 
one in which the arriving aircraft descends continuously, to 
the greatest possible extent, by employing minimal engine 
thrust, prior to the final approach fix/final approach point 
(Young, 2018). 


Operational procedures that reduce fuel burn for Singapore 
Airlines Airbus A380 operations have been implemented 
at London’s Heathrow Airport. Singapore Airlines Airbus 
A380 aircraft departing from Heathrow Airport use less 
power when taking off, resulting in fuel savings and less 
carbon dioxide (CO2) and nitrous oxide (NOx) emissions. 
Furthermore, Singapore Airlines optimization of flight 
operations and flight planning systems have led to more 
optimum flight route selection (Singapore Airlines, 2017, 
2018b), and thus, a reduction in carbon dioxide (CO2) 
emissions. 


In the 2021/2022 financial year, Singapore Airlines route 
structure for flights arriving at Singapore Changi Airport 
were reviewed, and, as a result, direct tracks on applicable 
flight routes enabled the airline to achieve better route 
efficiency. This initiative resulted in Singapore Airlines 
saving around 456 tonnes of fuel and 1,436 tonnes of 
carbon dioxide (CO2) emissions annually (Singapore 
Airlines, 2022). 
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4.5.6. Improving Aircraft Zero Fuel Weight (ZFW) 
Used to Plan Aircraft Fuel Uplift 


An aircraft’s maximum zero fuel weight (MZFW) is the 
maximum weight permitted on the aircraft before fuel is 
loaded. The MZFW is limited by the strength and aircraft 
airworthiness requirements (Jofré & Irrgang, 2000). 
Importantly, the maximum zero fuel weight (MZFW) 
defines the available payload capability on a given flight 
(Meijer, 2021). By improving the accuracy of an aircraft’s 
maximum zero fuel weight (MZFW), the correct amount 
of fuel is uplifted on the flight. This reduces the overall 
weight of the aircraft. Singapore Airlines has implemented 
a range of measures to improve the MZFW accuracy of its 
aircraft fleet. The airline has deployed a “ZFW Monitoring 
Dashboard”, which enables its Airport Operations 
department to monitor the MZFW of its aircraft fleet more 
closely. In the 2019/20 financial year, the optimization of 
aircraft MZFW resulted in an estimated 1,800 tonnes of 
fuel savings, which translated to an estimated annual 
saving of 5,670 tonnes of carbon dioxide (CO2) emissions 
(Singapore Airlines, 2020). 


4.5.7. Modification to the Airbus A380 Trent 900 
Engines 


To enhance the performance of its fleet of Airbus A380 
aircraft, Singapore Airlines has modified the aircraft’s 
Rolls-Royce Trent 900 engines, which has resulted in 
annual savings of 10,010 tonnes of fuel and an annual 
reduction of 31,531.5 tonnes of carbon dioxide (CO2) 
emissions (Singapore Airlines, 2017, 2018b). 


4.5.8. Removal of Economy Class Footrests in 
Selected Aircraft 


In 2019, Singapore Airlines removed some Economy Class 
footrests on selected aircraft. This initiative saved around 
200kg to 300kg per aircraft (Singapore Airlines, 2019). 
The lower aircraft weight translates into lower fuel burn, 
and thus, lower emission levels. 


4.5.9. Singapore Airlines’ “Green Package” Flights 


In May 2017, in accordance with the airline’s commitment 
to reduce international aviation emissions, Singapore 
Airlines partnered with the Civil Aviation Authority of 
Singapore (CAAS) and operated a series of 12 “green 
package” flights over a three-month period on the airline’s 
non-stop San Francisco-Singapore route. These flights 
utilized Singapore Airlines latest-generation and most fuel- 
efficient aircraft — the Airbus A350-900X WB aircraft — as 
well as sustainable aviation fuels, and optimized air traffic 
management best practices (Singapore Airlines, 2019). 


The 12 “green package” flights were powered by a 
combination of hydro-processed esters and fatty acids 
(HEFA), a sustainable biofuel produced from used cooking 
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oils and conventional jet fuel. This fuel offers a life cycle 
potential reduction of 80% in carbon emissions when 
compared to traditional jet fuel (Singapore Airlines, 2019). 


4.5.10. The Optimization of Aircraft Fuel Efficiency 


An important characteristic of the global airline industry is 
that it is highly energy intensive (Baxter et al., 2021) and 
fuel intensive. As a result, high and volatile aircraft fuel 
prices can have a significant impact on an airline’s bottom 
lines (Liu, 2021). Nowadays, airlines are placing a high 
focus on jet fuel cost and aircraft fuel efficiency. The fuel 
cost is typically the largest cost for most airlines (Zhang & 
Zhang, 2018). Reducing aircraft fuel consumption affects 
an airline’s bottom line by reducing fuel costs and the 
related carbon dioxide (CO2) emissions (Johnson & 
Gonzalez, 2013). Thus, aircraft fuel efficiency has become 
one of the most important policy goals for airline 
operations management (Oliveira et al., 2021). Indeed, 
growing environmental concerns have attracted significant 
attention of the air transport industry in recent times 
towards the requirement for the judicious use of aviation 
fuel (Singh et al., 2018). Airlines and the aircraft 
manufacturers have invested in new technologies and 
strategies to reduce aircraft fuel consumption, and thus, 
reduce their carbon dioxide (CO2) aircraft emissions. 
Aircraft fuel has a close relationship with the emissions of 
carbon dioxide (CO2) (Zou et al., 2016). 


Singapore Airlines has placed a high focus on its aircraft 
fuel efficiency and has implemented a range of measures 
that are designed to optimize its aircraft fuel efficiency. 
The added benefit of such a strategy is the reduction in 
carbon dioxide (CO2) emissions due to the lower amounts 
of fuel used on both its passenger and air cargo services. In 
the 2021/2022 financial year, Singapore Airlines carefully 
monitored its fuel usage to ensure an optimal level of 
uplifted fuel on its aircraft. The airline also sought to 
optimize its contingency fuel to reduce fuel uplift. 
Singapore Airlines also utilized more fuel-efficient aircraft 
and engines for its long-haul. This practice reduced the 
amount of fuel burnt during a flight. Also, in the 
2021/2022 financial year, Singapore Airlines ensured that 
optimal flaps settings were used during take-off to reduce 
the amount of fuel burnt (Singapore Airlines, 2022). 


4.5.11. The Use of Aviation Biofuels 


Prior to examining Singapore Airlines sustainable fuel 
strategy, it is important to note that the concerns related to 
climate change and energy supply have resulted in the 
production of more sustainable aviation fuels (SAF) 
(Brooks et al., 2016). As a result, there has been a growing 
interest by the global aviation industry in sustainable 
aviation fuels (SAF) (Trejo-Pech et al., 2019). 
Accordingly, sustainable aviation fuels are increasingly 
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being viewed as an ideal option for the airline industry to 
achieve large, near-term emissions reductions (Staples et 
al., 2014). This is because the use of biomass-and crop- 
based sustainable aviation fuels can help reduce emissions 
in the aviation industry (McCollum et al., 2021). 
Consequently, airlines are now using aviation biofuel as an 
environment sustainability measure (Baxter et al., 2020; 
Goh et al., 2022). Depending upon the raw material used in 
its production, biofuels can reduce carbon dioxide (CO2) 
emissions by 60-80% (Bioenergy International, 2019; 
Tavares Kennedy, 2019). 


Singapore Airlines has been an active member of the 
“Sustainable Aviation Fuel Users Group” (SAFUG) since 
2011. SAFUG was established to accelerate the 
development and commercialization of Sustainable 
Aviation Fuels (SAF). Singapore Airlines views 
sustainable aviation fuels as a key long-term measure to 
support the air transport industry’s carbon-neutral growth 
goal beyond 2020. Accordingly, the airline has pledged to 
advance and adopt aviation biofuels produced in a 
sustainable way. The sustainable aviation fuels should 
have minimal impact on biodiversity, such fuels should 
meet a sustainability standard, in relation to land, water 
and energy use, the production of sustainable aviation fuels 
should not displace or compete with food crops; and these 
fuels should also provide a positive socio-economic impact 
(Singapore Airlines, 2019). 


In addition to the use of sustainable aviation fuels on its 
series of “Green Flights” in 2017, Singapore Airlines 
began working with Stockholm’s Swedavia Airport in 
2020 on the use of sustainable aviation fuels (Becken, 
2021). In January 2020, Singapore Airlines began a year- 
long partnership with Swedish airport operator Swedavia. 
As part of Swedavia’s SAF Incentive Scheme, the airline 
commenced using a blend of jet fuel and SAF on its flights 
between Stockholm and Moscow (Singapore Airlines, 
2020). This arrangement between the two parties 
continued in the 2020/21 financial year and resulted in a 
reduction of around 47 tonnes of carbon dioxide (CO2) 
(Singapore Airlines, 2021). 


In the 2021/2022 financial year, Singapore Airlines 
together with Civil Aviation Authority of Singapore 
(CAAS) and Temasek conducted a year-long pilot study 
that focused on ways to operationalize the deployment of 
blended sustainable aviation fuel (SAF) at Singapore 
Changi Airport (Singapore Airlines, 2022). 


In February 2022, Singapore Airlines firmed up orders for 
1.25 million litres of neat sustainable aviation fuel (SAF), 
which will be blended with refined jet fuel and delivered to 
Singapore Changi Airport for use on Singapore Airline and 
its subsidiary Scoot Tigerair flights from the third quarter 
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of 2022. This sustainable aviation fuel (SAF) pilot 
program is anticipated to reduce the two airlines carbon 
dioxide (COz) emissions by around 2,500 tonnes per 
annum (Singapore Airlines, 2022). 


In February 2022, Singapore Airlines was the first airline 
to sign the Global Sustainable Aviation Fuel (SAF) 
Declaration (Polek, 2022; Singapore Airlines, 2022; Tolba, 
2022). The Global SAF Declaration calls on industry 
partners from the aerospace, aviation, and fuel value 
chains to jointly work together to increase the uptake of 
sustainable aviation fuel (SAF) as an important part of the 
industry’s decarbonization with the ambition of ensuring a 
steady ramp up in the use of sustainable aviation fuel 
(SAF) over the next decade (Travel News Asia, 2022). As 
previously noted, sustainable aviation fuel (SAF) offers a 
considerably smaller carbon dioxide (CO2) emission 
footprint when compared to the use of fossil fuels 
(Shahriar & Khanal, 2022). 


4.5.12. The Use of Light Weight Flight Catering Items 
on Regional Services 


In 2020, Singapore Airlines introduced a new regional 
economy class which offered passengers increased meal 
choices and these were accompanied with bamboo cutlery 
and sustainable paper packaging. The new packaging was 
lighter, weighing half that of plastics. This reduction in 
weight resulted in lower fuel consumption (Becken, 2021; 
Singapore Airlines, 2021), and thus, lower carbon dioxide 
(CO2) emissions. 


4.5.13. The Use of Lightweight Air Cargo Containers 


An important development in the global airline industry in 
recent times has been the use by airlines of light weight 
aircraft containers or unit load devices. These containers 
help to minimize aircraft weight without compromising the 
business volume of the lightweight aircraft unit load 
devices (ULDs) (Laniel et al., 2011). Aircraft unit load 
devices, or ULDs, are pallets and containers which are 
used to carry air cargo, mail and passenger baggage on 
wide-body passenger and freighter aircraft (Baxter et al., 
2014; Lu & Chen, 2011). The trend towards increased use 
of lightweight ULDs reflects airline’s objective of 
achieving fuel savings and reducing the carbon dioxide 
(CO2) impact within the industry (Bandi & Lumia, 2013). 
Singapore Airlines is one such airline that has acquired 
light weight aircraft ULDs that contribute to its ability to 
reduce carbon dioxide (CO2) emissions (Singapore 
Airlines, 2021). 


4.5.14. The Use of Mobile Ground Power Units 


Electrical power is required on the airport apron for the 
servicing of aircraft prior to engine start-up. (Ashford et 
al., 2013; Horonjeff et al., 2010; Kazda & Caves, 2015). 
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As part of their environmental policy, Singapore Airlines 
uses mobile ground power units and preconditioned air 
units during night layovers and long transits to reduce the 
reliance on its aircraft auxiliary power units (APUs) 
(Singapore Airlines, 2017, 2019). This reduction in fuel 
consumption also translates into lower carbon dioxide 
(CO2) emissions. In the 2019/20 financial year, this 
measure delivered an estimated 910 tonnes in fuel savings, 
which translated into an annual saving of 2,867 tonnes of 
carbon dioxide (CO2) emissions (Singapore Airlines, 
2020). 


4.5.15. Total Mission Management (TMM) 


In the 2020/21 financial year, Singapore Airlines Total 
Mission Management (TMM) Department collaborated 
with the airline’s Flight Operations Division and the Civil 
Aviation Authority of Singapore (CAAS) to introduce 
various initiatives whose objective was to improve 
operational efficiencies (Singapore Airlines, 2021). 
Singapore Airlines Total Mission Management (TMM) is a 
transversal department that works very closely with cabin 
crew, pilots, engineers, and airport staff to improve the 
airline’s operational excellence and flight punctuality 
(Lim, 2020). As part of this collaboration, the workgroup 
also explored opportunities to implement “green” 
operating procedures using a data driven approach. This 
objective was achieved through the development of data 
analytics tools from Rolls-Royce for insights on flight 
data, together with regular meetings with the CAAS to 
assess Air Traffic Management (ATM) performance and to 
identify initiatives to improve flight efficiency of the 
Singapore air hub. As part of this collaboration, a range of 
‘green’ operational initiatives was implemented, which 
resulted in the improved efficiency of flight operations in 
the Singapore airspace (Singapore Airlines, 2021). 


At times, Singaporean airspace is often congested. As a 
result, flights may be required to hold for longer periods of 
time before landing, this leads to extra fuel burnt. To 
reduce the aircraft arrival holding periods, the TMM 
Department worked with the CAAS and the Singapore 
Airlines Flight Operations Division to sequence flights 
before they enter Singapore airspace to better provide 
adequate separation between flight arrivals (Singapore 
Airlines, 2022). This initiative resulted in an annual 
reduction of 1,808 tonnes of carbon dioxide (CO2) 
emissions (Singapore Airlines, 2021). 


At the time of the present study, the TMM Department was 
still collaborating with the CAAS and the airline’s Flight 
Operations Division to review the route structure for 
flights arriving at Singapore. Direct flight tracks on 
applicable flight routes were introduced to achieve better 
aircraft route efficiency. In the 2020/21 financial year, an 
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initial trial was carried out between September 2020 and 
January 2021 to establish the process, and this trial was 
subsequently extended to November 2021. The trial was 
subsequently extended to include new routes. This 
initiative reduced Singapore Airlines annual carbon 
dioxide (COz) emissions by 599 tonnes (Singapore 
Airlines, 2021). 


Due to the normally high air traffic density in Singapore’s 
airspace, flights arriving in Singapore are typically 
subjected to step descents. This practice results in higher 
aircraft fuel burn. During the 2020/21 financial year, the 
TMM Department worked closely with the CAAS to 
establish a procedure that reduces the steep descent for 
flights entering the Singapore airspace, and this in turn 
reduces aircraft fuel burn. This initiative had favorable an 
environmental impact as it reduced Singapore Airlines 
annual carbon dioxide (CO2) emissions by an estimated 
725 tonnes in the 2020/ 2021 financial year (Singapore 
Airlines, 2021). A similar situation occurred in the 
2021/2022 financial year, when the airline reduced its 
carbon dioxide (CO2) emissions by 2,041 tonnes by using 
this enhanced airspace management procedure (Singapore 
Airlines, 2022). 


The Cost Index (CI) that is used by Singapore Airlines is a 
ratio that defines the time-related cost versus cost of fuel 
when operating an aircraft on a flight. This figure is 
calculated at the pre-flight stage so that the economical 
speed for the flight can be determined. As part of 
Singapore Airlines Cost Index Adjustment process, the 
TMM Department monitors each aircraft’s flight time and 
adjusts the CI at the flight planning stage to achieve on- 
time-performance whilst also conserving fuel by utilizing a 
lower CI when flights are estimated to arrive at Singapore 
ahead of schedule. This initiative reduced Singapore 
Airlines annual carbon dioxide (CO2) emissions by around 
1,827 tonnes in the 2020/21 financial year (Singapore 
Airlines, 2021). In the 2021/2022 financial year, Singapore 
Airlines achieved a saving of 602 tonnes of fuel that was 
equivalent to 1,896 tonnes of carbon dioxide (CO2) 
emissions saved from using this operational efficiency 
measure (Singapore Airlines, 2022). 


4.5.16. Washing of Aircraft Engines 


Singapore Airlines has implemented an aircraft fleet-wide 
engine washing program (Singapore Airlines, 2017). This 
program has resulted in lower annual carbon dioxide 
(CO2) emissions of around 32,670 tonnes of carbon 
dioxide (CO2). Since the 2018/19 financial year, this 
initiative has been implemented by the airline for their 
Rolls-Royce Trent XWB and Trent 1000 engines on the 
airline’s fleet of Airbus A350-900XWB and Boeing 787- 
10 aircraft respectively. As of 31 March 2022, 148 tonnes 
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of fuel, equivalent to 466 tonnes of carbon dioxide (CO2) 
emissions, had been saved from optimized engine washing 
in the 2021/22 financial year (Singapore Airlines, 2022). 


4.6. Singapore Airlines Passenger Carbon Offsets 
Program 


Singapore Airlines (SIA) and its low-cost carrier (LCC) 
Scoot subsidiary introduced a voluntary carbon offsets 
program in June 2021. This program enables the airline’s 
passengers to offset their share of the flight's carbon 
emissions by contributing to environmental projects in 
Indonesia, India, and Nepal. Under the program, 
passengers can purchase carbon offsets from dedicated 
microsites before or after a flight. From late 2021, the 
airline’s passengers would be able to use their “KrisFlyer” 
miles and “HighFlyer” points to purchase carbon offsets 
(Surgenor, 2021; The Business Times, 2021). The airline’s 
carbon offset environmental projects include the protection 
of forests in Indonesia, supporting renewable solar energy 
projects in India, and the provision of efficient, clean 
burning cookstoves for rural families in Nepal (Baker, 
2021; Otley, 2021; Surgenor, 2021). 


V. CONCLUSION 


In conclusion, this study has investigated Singapore 
Airlines annual carbon footprint as well as the strategies 
defined and implemented by Singapore Airlines to mitigate 
the environmental impact from its flights, ground 
operations, and Singapore-based facility and building 
energy consumption related carbon dioxide (CO2) 
emissions. To achieve the objectives of the study, 
Singapore Airlines was selected as the case airline. The 
research was underpinned by an in-depth qualitative 
longitudinal case study research approach. The study’s 
qualitative data was examined using document analysis. 
The study was supported by a case study research 
framework that followed the recommendations of Yin 
(2018). 


Singapore Airlines has defined and implemented a very 
comprehensive environmental policy and has pledged to 
achieve net zero carbon emissions by 2050. This goal will 
be attained through the reinforcement of its long-held 
strategy of working towards decarbonization and 
environmental sustainability across its global operations. 
The case study also revealed that Singapore Airlines is an 
active participant in the “Singapore Green Plan 2030”, and 
thus, the airline is aligning its green objectives with the 
“Singapore Green Plan”. Singapore Airlines has also 
embraced the International Air Transport Association 
(IATA) climate targets, and this is underpinned by the four 
pillars of Singapore Airlines environmental policy. 
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The case study found that Singapore Airline’s carbon 
footprint is comprised of its Scope 1 emissions that are 
produced from the provision of passenger and air cargo 
services together with the carbon dioxide (CO2) emission 
produced from its ground operations, and the Scope 2 
indirect emissions which are produced from the airline’s 
consumption of electricity at its Singapore hub. Singapore 
Airlines principal sources of carbon dioxide (CO2) 
emissions is from its passengers’ services and its 
consumption of electricity. A key finding of the case study 
is that despite Singapore Airlines growing the number of 
passengers carried, the number of destinations served and 
its aircraft fleet size, the annual Scope 1 carbon dioxide 
(CO2) emissions have developed at a rate that is much 
lower than the growth in enplaned passengers. This is a 
very favorable trend that was helped by the extensive 
carbon dioxide (CO2) reduction measures implemented by 
the airline over the study period. Over the study period, 
Singapore Airlines Scope 2 carbon dioxide (CO2) 
emissions exhibited an overall downward trend. This very 
favorable decrease was positively impacted by the large 
range of energy efficiency measures implemented by 
Singapore Airlines throughout the study period. The case 
study revealed that Singapore Airlines annual Scope 1 
carbon dioxide (CO2) emissions from fossil fuel 
consumption oscillated throughout the study, reflecting 
differing usage requirements. In addition, air cargo is a 
core business product of Singapore Airlines and 
throughout the study period its cargo division, SIA Cargo, 
operated a fleet of Boeing 747-400 freighters that linked 
key air cargo markets with its Changi Airport Hub. The 
total annual Scope 1 carbon dioxide (CO2) emissions from 
freighter services largely exhibited a general downward 
trend over the study period. This was a very favorable 
response given the number of services provided by SIA 
Cargo throughout the study period. 


A key finding of the case study is that Singapore Airlines 
has implemented a wide range of carbon dioxide (CO2) 
emissions reduction measures that have focused on the 
reduction in aircraft weight which delivers fuel burn 
savings, and thus, lower carbon dioxide (CO2) emissions, 
improved operational procedures, optimization of air space 
management in collaboration with key air traffic control 
agencies, the use of cleaner energy vehicles, an extensive 
range of energy efficiency measures in its buildings and 
facilities, the use of sustainable aviation fuels, and the use 
of more energy efficient ground power sources when its 
aircraft have night layovers and long transits. Finally, 
Singapore Airlines has implemented a passenger carbon 
offsetting program, which enables passengers to offset 
carbon dioxide (CO2) emissions by contributing to projects 
in Central Kalimantan in Indonesia, solar power projects in 
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India, and a final project that is providing more efficient, 
clean burning stoves for rural homes located in Nepal. 
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